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A bstract : Alcohols like I-butanol, 1 hexanol, 1 heptanol and 1-decanol are long straight 
chain polar molecules almost like polymers. In these alcohols as well as in methanol and ethanol, 
there exist many possibilities of having internal rotation, bending and twisting, each with a 
characteristic relaxation time, under high frequency electric field of Giga hertz range An attempt 
is, therefore, made to detect the double relaxation phenomena by the new approach suggested 
earlier It involves single frequency measurements of the dielectric relaxation data of those 
compounds in solvent n-heptanc at 23°C under three different frequencies ol 24 33, 9 23 and 
3 00 GHz electric field as well a*> those of methanol and ethanol in benzene at 9 84 GHz 
respectively to get T| and 12 for their flexible parts and the whole molecules The alcohols under 
investigation, always exhibit the double relaxation behaviours at all frequencies except methanol 
at 9.84 GHz, thus indicating separate broad dispersions in them The relative contributions t |  
and f'2 towards dielectric relaxations due to i | and f>, are calculated from Fiohlich's equations to 
compare with those as obtained by graphical technique The dipole moments aic also 
estimated in terms of the relaxation times Tj and T2< obtained from the slopes /j's of the hf 
conductivities Klf\  of the solutions against the weight fraction iv;’s of the solutes in oidei to 
support (heir usual conformations
Keywords : Double relaxation, dipole moments, straight chain alcohols 
PACS Nos. : 33 13 Kr, 3 1 70.Dk. 3 1 70 Hq
1. Introduction
The dielectric relaxation phenomena of highly nonspherical polar liquids in nonpolar 
solvents under the ultra high frequency (uhf) electric fields have gained much attention 
[1,2] as they reveal various types of molecular interactions like solute-solute (dimer) and 
solute-solvent (monomer) formations in liquid mixtures. They also provide one with
The nomenclature of symbols used, are given in the Appendix.
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valuable information regarding sizes, shapes, structures and different thermodynamic 
parameters due to relaxation of the polar liquids [3].
The relaxahon phenomena of pure primary alcohols are very interesting as they were 
Ibund to possess three distinct low frequency Debye type processes predicting inherently 
the single relaxation time [4,5]. The dilution ot polar alcohols with nonpolar solvents, 
however, increases the relative contributions towards dielectric dispersions in the hf electric 
field [6]. The straight chain mono-alcohols, on the other hand, are almost like polymers 
having -CH^ and -OH groups m their structures. Obviously, there exist many possibilities 
of internal and molecular rotations, bending, twisting etc each with a characteristic 
relaxation time. In averaging to the macroscopic condition, a distribution of relaxation time 
may also be possible. Mishra et al |7 | claimed that it is not possible to resolve dielectric 
dispersion in three relaxation processes from the measured relaxation data under a single 
frequency electric field
Again, to delect the double relaxation phenomena of a polar solute, Bergmann et al 
181 proposed a technique based on measured relaxation parameters of pure polar liquid like 
real £', loss c" of the complex dielectric constant e* as well as static £0 and the high 
ficqucncy dielectric constant at different frequencies of the electric field. The term 
e f £ e"
—-------~  was then plotted against —---------  following Cole-Cole semi-circle equation. A
ft) ' "^0 f 0 ~
suitable chord joining I he two fixed points on the semi-circic consistent with all the 
experimental points is then chosen to yield the relaxation time Tj and ot the flexible part 
and the whole molecule itself. Bhattacharvya ei al [9] had subsequently modified the 
procedure of Bergmann et al |8] to gel ij and T? of a pure polar liquid in terms of the 
relaxation parameters measured at two different frequencies of the electric1"field in the 
GHz range.
In such a context, we have studied the double relaxation phenomena of some straight 
chain aliphatic alcohols, namely I-butanol, 1-hcxanol, l-hcpianol and 1-dccanol dissolved 
in n-hcpianc at 24.33, 9 25 and 3 00 GHz electric field togethei with methanol and ethanol 
dissolved m benzene al 9.84 GHz electric field respectively at a temperature of 25°C by the 
recently developed method 110] It is usually made with the single frequency measurements 
of the dielectric relaxation parameters like f ' , c '\  F0f/ and e of a polar solute (j ) in a 
nonpolar solvent (/) lor different weight fractions wj’s of the polar solute. Tj and Tt are then 
obtained Irom the slope and the intercept ot a straight line equation containing the dielectric 
relaxation data ol which £{h} and F „ f/ should be accurately known [II]. The approach as 
suggested earlier 110], seems to be an ellcctive tool to detect the double relaxation 
phenomena of the polar liquid in a nonpolar solvent within the framework of Debye and 
Smyth model I-or such straight chain alcohols behaving almost like polymers, Onsager's 
equation may be a belter choice due to the strong micrmolccular force exerted by alcohols 
in solution owing to their high dipole moments. But the resulting expressions can not be 
solved so easily as has been done in [ 10], because ol the presence of the quadratic term £*. 
The method 110 1 was already applied to mono-substituted anilines [12] in benzene in order
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to get the frequency dependence of t] and t2 under three different electric fields of 22.06* 
3.86 and 2.02 GHz respectively, showing either the double or the mono-relaxation
When the data are extended to 9.945 GHz electric field, all of them, on the other hand, 
show the double relaxation phenomena [13]. No such rigorous study on monohydric 
alcohols has been made so far. So it seems worthwhile to make an extensive study on the 
available data of aliphatic alcohols [14] as well as ethanol and methanol [15,16] with 
special emphasis on possible occurrence of r, and in the hf electric field [6].
It is evident from Table 1 and Figure 1 that all the alcohols show the double 
relaxation phenomena in all the frequencies of GHz range except methanol at 9.84 GHz, 
indicating separate broad dispersions in them. Ethanol is a system with r2 )) r, while 
methanol shows very high value of r2 only. T| and r2 are compared with most probable 
relaxation time T0 where T0 = -^t,t2 as shown in the last column of Table 1. In absence 
of accurate rfo r such alcohols, T*s are estimated from the slope of the imaginary part K" 
and the real part K'f of the total uhf conductivity K*f and placed in the 9th column of 
Table 1 for comparison with Tj, r2 and Tq respectively.
The relative contributions towards the dielectric relaxation i.e. c { and c2 due to 
Ti and r2 are estimated by using Frohlich’s equations [17] as well as graphical method 
(Figures 2 and 3). They are also shown in Table 2.
The dipole moments fJL\ and /i2 of the flexible part as well as of the whole molecule 
are then estimated in terms of r  and slope /J of the linear plot of KtJ against Wj (Figure 4). 
They arc shown in Table 3 in order to compare with ^  due to Tq and from bond angles 
and bond moments (Figure 5) respectively. The ^ ’s in terms of c |, c2 and /i2 are also 
calculated by assuming that the two relaxation processes are equally probable; and they are 
placed in the last column of Table 3 only to compare withjij due to Tj.
2. Theoretical formulations to estimate Tj, t2;Cj,c2 a n d g |, / i2
The complex dielectric constant e* of a polar non-polar liquid mixture can be represented 
as the sum of a number of non-interacting Debye type dispersions in accordance with the 
Budo’s [181 relation as :
where j  =V^1 and Z ck = 1. The term ck is the weight factor for the fc-th type of relaxation 
mechanism. When the complex dielectric constant £ * consists of two non-interacting 
Debye type dispersions, Budo’s relation reduces to Bergmann’s [8] equations :
behaviours. p-ani$idine alone shows the mono-relaxation behaviour at all frequencies.
( I )
(2)
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and
fiJT,
1 + aP’x'l
+ Cn
m 2
1 + w 2t} (3)
such that Cj + c2 = 1, where c x and c2 are the relative contributions towards dielectric 
relaxations due to intra-molecular relaxation time r} and molecular relaxation time r2.
t ' l j - d o o . j
Figure 1. Straight line plots of )/(£ ,;- r _ „ )  against ) of
monoalcohols at 25°C under different u/t/electric Held.
System 1(a) ------0 — O------ for 1 -Butanol at 24 33 GHz.
I (b) ------A - — A------ for 1 -Butanol at 9 25 GHz.
I (c) ------U——Cj------ for 1-Butanol at 3 00 GHz
System II (a) ------^ —
4 - for l -Hexanol at 24 33 GHz11(b) ------$ - - Q — for l-Hexanol at 9.25 GHz
II (c) ------• ——• ------ fori-Hexanol at 3.00GHz.
System 111 (a) * —* for 1-Heptanol at 24 33 GHz
111(b) ------a ——A ------ for l-Heptanol at 9.25 GHz
HI (c) ------ —■------ for 1-Heptanol at 3.00 GHz.
System IV (a) ------0 0 for 1-Decanol at 24.33 GHz.
IV (b) ---- for 1 -Decanol at 9.25 GHz.
IV (c) ------© _ —©— for 1-Decanol at 3.00 GHz.
D o u b le  re la x a tio n  o f  s tra ig h t ch a in  a lc o h o ls  e tc
F ig u re  2. Variation o f ( f ' -  ) / ( rVtJ -  ) against weight fraction wf
monoalcohols at different m/i/ electric field.
System
System
System
System
1 (a) 
K b)
I (c) 
11(a)
II (b)
II (c) 
111(a)
III (b)
III (c)
IV (a) 
IV (b) 
IV (c)
for 1-Butanol at 24.33 GHz 
for 1-Butanol at 9 25 GHz 
for I-Butanol at 3 00 GHz 
for l-Hexanol at 24 33 GHz 
for l-Hcxanol at 9 25 GHz. 
for l-Hexanol at 3 00 GHz. 
for l-Heptanol at 24 33 GHz 
for l-Heptanol at 9 25 GHz. 
for l-Heptanol at 3 00 GHz 
for l-Decanol at 24 33 GHz. 
for l-Decanol at 9.25 GHz 
for 1 -Decanol at 3 00 GHz.
----- X----- X------- for I -Ethanol at 9.84 GHz.System  V
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Putting -  = x and ——
e 0 l /  £ o o ij C 0 IJ
a = 1
1 + a 2
and = a
1 + a 2
x = ct ax + c2 a2,
y = ct b\ + c2 h2<
------ = v with an= a  and using the abbreviations,
—  £*°ij
the above eqs. (2) and (3) can be written as
(4)
(5)
where suffices 1 and 2 with a and b are related to T| and t2 respectively. From eqs. (4)
and (5), since a 2 -  a, *  0 and a 2 > a , we have
( xa2 -  y) (1 + a f )
C| —
a 2 -  a ,
(y -  xa,) (I + a \ )
c2 = ---------------------------
a 2 -  a ,
Now, using C| + c 2 = 1, one gels the following equation with the help of eqs. (6) and (7)\:
'
1 -  X  X \
------ = (a> + a 2) -  —a ]a 2
y y
i (7) 
\
which, on substitution of the values of jc, y and a  yields
T ~ r rV °°U V
( 8 )
Equation (8) is a straight line between with slope gj( t, + r2)
and intercept - co2txt2 respectively. Here, tu*= angular frequency of the applied electric 
field of frequency /  in GHz. When the eq. (8) is fitted with the measured dielectric 
relaxation data f ' ,  e "  , e 0ij and E ^  for different weight fractions v^’s of each alcohol in 
n-heptane (at 25°C under 24.33, 9.25 and 3.00 GHz electric fields) as well as of methanol 
and ethanol in benzene (at 9.84 GHz), we get the slopes and intercepts as shown in Table 1, 
to yield Tj and
The relative contributions c\ and c2 towards the dielectric relaxations in terms of jc, y 
and T\t t2 for each alcohol are found out and shown in Table 2, The theoretical values of x 
and y are, however, calculated from Frohlich’s equations [17] as
x 1 -  —  In 
2A
r e2Ao)2r 2 + n
, 1 + 0)2 r2s )
(9)
and >’ =
t  i
= ~A l tan"l(e '4<UT1) ~ tan-'C turj],®0ij 4
( 10)
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where A = Frohlich parameter = \n(r2/X\) and is called the small limiting relaxation 
time being given by T, = Tj. A simple graphical extrapolation technique, on the other hand, 
has been adopted here to gel the values of x and y at Wj —> 0, as illustrated graphically in 
Figures 2 and 3 respectively. This is really in accord with Bergmann’s eqs. (2) and (3) when 
the once estimated T\ and r2 from eq. (8) are substituted in the right hand sides of the above 
eqs. (2) and (3).
figu re  3. Variation of r " / ( r 0|/ c„tJ) against weight fraction \vf foi munoalcohols at 
different uhf electric field
System I (a) 
Kb) 
Kc)
System II (a) 
II (b) 
11(c)
System 111 ( n ) --------* ------ He-----
IN ( b ) -------a -------a ------
III Cc) ------- ■-------■ -----
System IV (a) 
IV (M 
W (c)
System V
for -Butanol at 24 31 GHz 
for -Butanol at 9 25 GHz 
tor -Butanol at 3 00 GHz 
lor -Hexanol at 24 33 GHz 
for -Hexanol at 9 25 GHz 
for -Hexanol at 3 00 GHz 
for -Heptanol at 24 33 GHz. 
for -Heptanol at 9 25 GHz 
for -Heptanol at 3 00 GHz 
for l-Decanol at 24 33 GHz. 
tor l-Decano\ at 9 25 GHz. 
for \-Decanol at 3.00 GHz. 
for l -Ethanol at 9.84 GHz.
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Figure 4. Stiaight line plots of Kf) against wf under different uhf electric l
System 1 (a) —  (> — O for 1 -Butanol at 24 33 GHz
1 (b) ------ * - — * - for 1-Butanol at 9 25 GHz
He) for 1 -Butanol at 3 00 GHz
System Ufa) for l-Hexanol at 24 33 GHz
11(b) - 4 — i - for l -Hexanol at 9.25 GHz
11(c) for l-Hexanol at 3 00 GHz
System III (a) for l-Heptanol at 24 33 GHz
111(b) -A- -A- for l-Heptanol at 9.25 GHz
111 (c) for l-Heptanol at 3 00 GHz
System IV (a) - A - -A - for l-Decanol at 24,33 GHz
IV (b) for l-Decanol at 9 25 GHz
IV (c) for l-Decanol at 3 00 GHz
System V — V - 4 - for Ethanol at 9.84 GHz
System VI ......■ $ - for Methanol at 9 84 GHz
The dipole moments /i\ and polar solutes in terms of T\ and as obtained from 
ihe double relaxation method and slope /3 of the concentration variation of the experimental*
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uhf conductivity KtJ arc then estimated. The uhf conductivity Ki} is, however, given by 
Murphy and Morgan (191 as
= -  ( f " 2 + £;2)
1/2
(ID
which is a function of w} of polar solute. Although £/y < £tJ in the uhf electric field, still 
the term c" offers resistance to polarisation. Thus, the real part K[. of the uhf conductivity 
of a polar-nonpolar liquid mixture at T°K can be written according to Smyth [20] as :
K  = 3 M, k T
f
\
ft)2 T
1 + ar’r 1
\
J ' ( 12)
Dilfereniiating the above cq. (12) with respect to and for » 0, the eq. (12) 
reduces lo ,
dw
P 2,Np,F,
1 J w >0 3M fkT
ft)2 T  ^
I +  fl)2T2
(13)
\
where, M, is the molecular weight ol a polar solute, N is the Avogadro’s number, k is the 
Bolt/inan’s constant, the local field F„ = $ (fy + 2)2 becomes F, =  ^(f, + 2): and the density 
A; A the density of solvent at w, —» 0.
f t )
Again, the total uhf conductivity K = — c'  can now be written as :
’ 4n  J
K = K +If ™lf K'cor
dK' ) dK )
or. =  cor
dw dw\ i ) u -*0 \ j y
= cot/?, (14)
where ft is the slope of K,f -  vry curve at infinite dilution, From eqs. (13) and (14) wc 
thus gel
p,  =
3Mf k T P  
N p: Ft 0)h 05)
in order to obtain the dipole moment in terms of b, where b is a dimensionless parameter
given by
1
h =
I + ft)2r 2 (16)
The computed p hp2 and An together with bh b2 and b0 and 0  s of KtJ-  Wj equations for all
the alcohols are given in Table 3.
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3. Results and discussions
The least-square-fitted straight line equations of (e0ij -  e ') / ( e '.  -  e ^  ) against 
e'j/ie'ij ~ £«*,,) f°r different weight fractions w f s of 1-butanol, 1-hexanol, 1-heptanol and 
1-decanol in n-heptane under alternating electric field of 24.33, 9.25 and 3.00 GHz at 25°C 
are shown in Figure 1, together with the experimental points on them. The straight line 
equations of methanol and ethanol in benzene at 9.84 GHz are :
-^22-----= 198.2809 -----  + 5.4003
£ i j  ~  £ - , j  £ i j -  £ - , j
£/),. -  s ' e"
and —7^--------  = 288.7386 ——-----  -  4.5211 respectively.
The experimental data of (£0ij -  £,,)/(£,, -  £0v) f°r niethanol and ethanol arc so high 
that they can not be plotted in Figure 1. In absence of reliable values of £{hf and for 
methanol, it is not possible to show the applicability of simple mixing rule in determining 
relaxation data for this system. But the method has been applied to ethanol and it is found 
that the T value is 3207.57 p Sec which is in good agreement with the measured data as 
presented in Table 1 . The weight fractions wy’s of the respective solutes have been obtained 
from mole fractions x t and Xj of the solvent and solute of molecular weights M, and Mf 
respectively by a relation [2 1 ]
xJMJW ~ -------1---1-----
1 x.M, + x .M .
(17)
The linearity of all the straight lines, as illustrated in Figure I; is, however, tested by 
evaluating their correlation coefficient r. They are found to lie within the range of 0.9638 to 
0.6195 as shown in Table 1. The corresponding percentage of errors in the fitting technique, 
can be had from the correlation coefficients. They are all shown in the 5-th and the 6 -th 
columns of Table 1 respectively. The errors, are, however, large in magnitudes in the hf 
electric field of 24.33 GHz for 1-hexanol, 1-heptanol and 1-decanol respectively, probably 
due to unavoidable uncertainty in measurements of relaxation parameters for such higher 
frequency.
r2 and Tx for each alcohol are estimated from the slope and the intercept of straight 
line eq. (8 ) and are placed in the 7-th and the 8 -th columns of Table 1 respectively. All the 
monoalcohols show t2 and X\ at all the frequencies with an exception for methanol which 
exhibits the monorelaxation behaviour [1 2 ],
The monorelaxation behaviour [12] can easily be evaluated on the basis of the 
relaxation parameters by putting c, = 0 in eqs. (2) and (3). The resulting equation 
becomes :
.  « r 2 ^
£ij £<*ij £ij £*°ij
(18)
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t7 for methanol is found to he 5254.3 p See in approximate agreement with r 2 as obtained 
by double relaxation method (Tabic 1). T7 s and T\ s as obtained from the double relaxation 
method are then compared with the most probable relaxation time Tq where T0 = -yj T] t 2 
and the measured relaxation lime T^ ’s from the slope of the given relation .
(19)
where Af„„, is the constant conductivity at infinite dilution. Both T0 and t v are shown in the 
10-th and the 9-th columns of Table 1, respectively, and t\ lor the double relaxation 
processes show low values at 24.33 GHz and increase gradually at the lower frequencies ol
105’ '-■*
_ C^M^OH
—  =  l 76D
METHANOL
H 0 370 . C ^  0090  C IP 0 0 39D C^^ gOH
= l 67  D
ETHANOL 
H H H
0 37 D 0 09 Di ------  ^c ----- • c - ia ^ o .0-3??. _  I1d ec a n o l  
=  0 95 0
long chain alcohols
Figure 5. Conformational structures ol methanol, ethanol and decanol
9.25 and 3.00 GHz respectively. This is explained on the basis of the fact that at higher 
frequency, the rate of hydrogen bond rupture in long chain alcohols may be maximum to 
reduce r  for each rotating unit. This sort of behaviour is also observed in the estimated Ts 
and r0 respectively. Although, the measured rN and r0 arc smaller in magnitudes, Tj agrees 
excellently with r s (Table 1). This is perhaps due to the fact that the hf conductivity 
measurement always yields the average microscopic relaxation time whereas the double 
relaxation phenomena offers a better understanding of microscopic as well as macroscopic 
molecular relaxation times.
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The relative contributions c, andc2 towards dielectric relaxations for each alcohol 
have been evaluated from Bergmann’s eqs. (2) and (3) for fixed values of t , and t2 as 
predicted by eq. (8 ), with the estimated x  and y from graphical technique as well as from 
Frohlich’s eqs. (9) and (10) respectively. C| andc2 thus obtained by Frohlich’s method are 
placed in the 6 -th and 7-th columns of Table 2. In the 10-th and the 1 1-th columns of the 
same Table 2 are shown c j and c2 values with the fixed values of jc and y at infinite dilutions 
of Figures 2 and 3. The variations of x  and y with are concave and convex in nature as 
illustrated graphically in Figures 2 and 3 in accordance with Bergmann’s eqs. (2 ) and (3) 
respectively. Ethanol is an exception whose y value changes in a similar way as jc . This 
anomaly is perhaps due to nonavailability of the accurate eoij and e [ 111, and it thereby 
yields abnormally high T value like methanol, although the latter one exhibits 
monorelaxation behaviours as shown in Table 1. However, the estimated value of c2 is 
greater than c, for each alcohol, under investigation, in Frohlich’s method, while the 
reverse is true for the graphical method. Eventually, c2 is -ve for most of the cases except 
1-hexanol at 24.33 GHz and ethanol at 9.84 GHz respectively in the latter case. This -ve 
value of c2 is due to inertia of the flexible part [10]. This type of behaviour may be 
explained on the basis of the fact that the latter one ascertains the nature of the flexible part 
in comparison to Frohlich’s method. It is also interesting to note that unlike Frohlich’s 
method, the latter method yields c t + c2 < 1 except for 1-decanol at 24.33 GHz where 
+ c2 < 0 , although I c, + c2 1 > 1 signifying more than two relaxation processes may be 
possible in them [14).
The dipole moments fa and fa  of all the alcohols, as enlisted in Table 3, were 
estimated in terms of dimensionless parameters b | and b2 and slopes /3 of Klf versus w} 
equations by using eq. (15). The linear variation of uhf conductivities KtJ of all the alcohols 
as a function of w7’s are shown in Figure 4. The correlation coefficient r and the 
corresponding percentage of error in the estimation of the slope P and hence all the j i ’s 
together with b's are shown in Table 3. From Table 3, fa's are, however, found to be large 
at 24.33 GHz while in comparatively lower frequencies like 9.25 and 3.00 GHz, they are 
gradually smaller for each polar alcohol under our investigation. But fa's, on the other 
hand, show the opposite trend. It is also interesting to note that the values of fa's for all the 
alcohols decrease with the increase of C-atoms in them. This type of behaviour may be 
explained by the fact that the long chain polymer type molecules having a large number of 
carbon atoms, in a nonpolar solvent, tend to break up in the hf electric field in order to 
reduce or even eliminate the absorption attributable to them. The proportion of smaller 
molecular species, on the other hand, have comparatively smaller number of C-atoms and 
the corresponding absorption will increase [14], This is also confirmed by the fact that as r  
decreases with increasing co, the term a)2! 2 is higher and therefore, eq. (16) yields smaller b 
values to increase fi's according to eq. (15).
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fJL\ , fa and/io are finally compared with for the orientational polarisation of all 
the associated liquids containing a large number of dipolar groups like C<— 0 and
0<— H when their individual monomeric moments are added vectorially as shown in 
Figure 5. /ilheo may also be inferred from Frohlich’s equation having correlation factor 
which bears structural information for such liquids. But to a fair approximation, the 
structural conformation of such liquids, as shown diagrammatically in Figure 5 and placed 
in Table 3, from the bond moments of C<—0  and 0<—H and the bond angle of 105°
made by -OH groups with the main bond axis, have the major contributions in yielding 
the theoretical dipole momeni, /ifheo. All the/i’s are displayed in Table 3 with those of
f ( V/2
where /u] = / i J  -^-j , assuming the two relaxation processes are equally probable.
These /J,’s are slightly larger in magnitudes in comparison to ^ heo, /i, and/1q which are in 
close agreement among themselves.
4. Conclusion 1
The methodology so far advanced for double and single broad dispersions of the Volar- 
nonpolar liquid mixtures seems to be much simpler, straightforward and significant d^ ne to 
detect the existence of double and monorelaxation behaviours of polar liquids in n o n p a r  
solvents. The correlation coefficients between the desired parameters as given in eqs. (8 ) 
and (18) could, however, be estimated to find out the percentage of errors entered in the 
dielectric relaxation data, to yield tx and r> of the polar liquids, because the relaxation times 
Ts are claimed to be accurate within ± 10%. The monohydric alcohols so far studied 
always yield, both r, and Th at all frequencies of the electric field. The corresponding dipole 
moments /i, and can then be estimated from cq. (15) in terms of b ) and h2 (which are, 
however, related to r y and t2 as estimated) to arrive at their conformations as shown in 
Figure 5.
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Appendix
List o f nomenclature used :
real and imaginary parts of the complex dielectric constant £*j of a 
solution,
where j  = V-T is a complex number, 
static and optical dielectric constants of the solution,
angular frequency of the applied electric field, /  being the 
frequency in Hertz,
real and imaginary parts of the complex electrical conductivity K * 
of a solution,
K * = K* + jK "  where j  = V -l is a complex number,
constant conductivity of the solution at —> 0 ,
dipole moment of they'-th type of solute, 
dipole moments of the flexible part and the whole molecule, 
relaxation time of the solute,
relaxation times of the flexible part and the whole molecule,
CO = iTtf
K -  K
K_*>t)
T*
T|,T2
70B (I)-*,
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To m o st p ro b a b le  re la x a tio n  tim e o f  the so lu te ,
A =  l n ( r 2 / r , )  the F ro h lic h  p a ra m e ter, 
w, w e ig h t fra c tio n  o f  the so lu te ,
, C2 re la t iv e  c o n tr ib u tio n s  d u e to Tj and  t j  r e s p e c t iv e ly ,
Mj m o le c u la r  w e ig h t o f  the 7-th  typ e  o f  so lu te ,
P  s lo p e  o f  the K t] -  wy c u rv e .
